Study Design. A cost-effectiveness analysis conducted alongside a randomized clinical trial. Objective. To assess the cost-effectiveness of a preoperative cognitive-behavioral therapy (CBT) intervention compared to usual care for patients undergoing lumbar spinal fusion surgery (LSF). Summary of Background Data. The clinical effectiveness of a preoperative CBT intervention for patients undergoing LSF has been investigated in a randomized clinical trial. Economic evaluation is however essential for decision makers to make informed choices regarding allocation of scarce resources. Methods. 90 patients undergoing LSF were randomly allocated to usual care (control group) or usual care plus a preoperative CBT intervention (CBT group). Outcome parameters included quality-adjusted life years (QALY), based on the EQ-5D, and pain-related disability, based on the Oswestry disability index (ODI). Health care use and productivity loss were estimated from national registers.
T
he clinical effectiveness of different rehabilitation strategies following lumbar spinal fusion surgery (LSF) has been investigated in several randomized clinical trials. [1] [2] [3] [4] [5] These studies indicate that a biopsychosocial approach to rehabilitation produces superior results, especially with the use of cognitive-behavioral therapy (CBT). [1] [2] [3] Further, one study found a preoperative timing of rehabilitation to improve postoperative outcomes after LSF surgery in terms of faster mobilization and shorter length of stay. 4 A preoperative timing of rehabilitation is further supported in the field of hip-and knee arthroplasty. [6] [7] [8] 
From the
Although the clinical effects of a new intervention may seem advantageous offhand, an economic evaluation of the intervention is essential in order for decision makers to make informed choices regarding allocation of scarce resources. Only two studies examining rehabilitation strategies after LSF have undertaken such evaluations. 9, 10 One study found a groupbased ''back-café'' intervention to be cost-effective after 2 years, compared to both a cheaper home-based exercise intervention and a more expensive intensive supervised exercise intervention. 9 The other study found that initiating physical rehabilitation 6 weeks after LSF compared to 12 weeks after resulted in both inferior clinical outcomes and increased costs. 10 Recently, a study was published, examining the effect of combining the preoperative timing with CBT in rehabilitation for patients undergoing LSF. 11 Here preoperative CBT produced significantly larger improvements in disability already 3 months after surgery compared to usual care, but after 1 year these differences were no longer present due to improvements in the comparator group. This study is a health economic evaluation, conducted alongside this RCT, with the aim to assess the cost-effectiveness of preoperative CBT compared to usual care for patients undergoing LSF from a societal perspective.
MATERIALS AND METHODS

Study Design and Population
From October 2011 to June 2013, 90 patients scheduled for LSF surgery were included from the orthopedic departments of two Danish hospitals. Inclusion criteria for the study population were age of 18 to 64 years, chronic low back pain due to degenerative spinal disorders or a mild grade of spondylolisthesis, fusion of a maximum of three levels (vertebrae), and competency in the Danish language. Exclusion criteria were infectious, malignant or psychiatric diseases, inadequate competency in Danish. The patients were randomized using computer-generated block randomization (by hospital) to either the control group (n ¼ 31), implicating usual care with surgery and postoperative rehabilitation, or to the CBT group (n ¼ 59), implicating a preoperative CBT intervention in addition to usual care. The details of the two interventions are described in further detail in a previous publication. 12 Putting briefly, both groups received usual care, being the LSF operation and standard postoperative rehabilitation 3 months after surgery. In addition to this, the CBT group participated in a preoperative CBT intervention, managed by a multidisciplinary team, with the aim to improve pain coping strategies. Each treatment session was standardized although some flexibility was allowed to meet the participants' needs.
The study was approved the Danish Data Protection Agency and the Ethical Committee of Central Denmark Region (M-20110047). The study was registered in Current Controlled Trials (ISRCTN42281022).
Outcome Parameters
The primary outcome measure was quality-adjusted life years (QALY), based on the EQ-5D scores (weighted Danish time trade-off values) at baseline, 3 months, 6 months, and 1 year. 13 The secondary outcome measure used was painrelated disability, assessed using the Oswestry disability index (ODI). [14] [15] [16] A reduction of 15 points was considered clinically relevant in this population. 14 
Costing
A societal viewpoint was adapted, including all resources used in both the primary and secondary health care sector, productivity losses due to inability to work, and patients' costs. All costs were converted into Euros (s) and inflated to the common price year 2014 using the consumer price index. The time frame was fixed by the date of index surgery þ 365 days.
Intervention. The costs of the intervention comprised the following: (1) Resources used for training of the staff managing the intervention; (2) Working hours of the staff, including noncontact time (i.e. time used to set up the sessions, administration and record-keeping, support, and supervision time); (3) Consumables and educational materials for the patients. These costs were divided evenly between the 59 patients of the CBT group.
Primary health care. The number of visits to GPs, medical specialists and therapists, as well as the related tariffs used for remuneration was retrieved at the individual patient level from The National Health Insurance Service Registry. 17 Secondary health care. Data on the number of services used were extracted at the individual patient level from The National Patient Registry, together with the national average Diagnosis-Related Grouping (DRG) tariffs. 18, 19 Medication. Prescription medicine was recorded uniquely per patient in the Danish National Prescription Registry 8 and was valued using market prices. Productivity losses. The human capital approach was used. For patients who were part of the labor force at baseline this was calculated using weeks of inability to work during follow-up. The number of weeks of sick leave was obtained from the Danish Register for the Evaluation of Marginalization (DREAM), 20 containing information on public transfer payments for all Danish citizens. Age-and gender-matched average gross salaries from Statistics Denmark were used to value production losses. 21 Patient costs. The patient costs covered the following: (1) time spent on participation in the CBT intervention, including transportation time, valued using age-and gendermatched average gross salaries. Transportation time was estimated by assuming that 1 km of transportation took 1 min; (2) transportation expenses, calculated by the distance between the hospital and the patients home (kilometers) multiplied by the official Danish mileage allowance; (3) Use of informal health care (e.g. help from family and friends) and 4) expenses for over-the-counter medication and personal aids. Points (3) and (4) were assessed using a modified version of the Dutch cost diary. 22 
Handling of Missing Data
For the cost data 100% response was acquired through registries, except for primary health care and prescription medication where data were missing for four patients (2 CBT). For the patient-reported outcomes the data suffered missing responses at 1 year follow-up for 6 patients on the EQ-5D (3 CBT) and 5 patients on the ODI (2 CBT). Due to the high response rate this formed the base case analysis. To assess the potential importance of the missing data a sensitivity analysis was performed using the following strategies: (1) missing values were imputed using qualitative information given by the patients about their reasons for drop-out; (2) missing values were imputed using last observation carried forward.
Economic Evaluation
A combined cost-effectiveness and cost-utility evaluation was conducted according to standard methodology. 23 The use of resources, costs, and the clinical outcomes are presented as means with 95% confidence intervals based on nonparametric bootstrapping (10,000 replications). This method was applied as resource use, costs and outcomes were right skewed and therefore not applicable for parametric statistics. We carried out incremental analysis using the formula (C CBT À C control) /(E CBT À E control ), where the ratio between the mean cost difference between the two groups and the mean ODI or QALY difference between the 2 groups defines the incremental cost-effectiveness ratio (ICER). This ratio cannot be interpreted if any of the parameters are negative, and costs and effects were therefore converted into net benefit and presented graphically using so-called cost-effectiveness acceptability curves (CEAC). These curves show the probability that preoperative CBT is cost-effective compared to usual care for a continuum of threshold values of willingnessto-pay per unit of effect. 24 The results of both the base case and the sensitivity analyses are presented together using CEACs.
RESULTS
Population Characteristics
The study population included 43% males and had a mean age of 50.1 years (range 28-64 yr). By chance, more patients in the CBT group had posterolateral fusion (PLF) surgery compared to the control group (69% vs. 39%) ( Table 1 ), but otherwise baseline characteristics did not differ between groups.
Resource Utilization
For service utilization, shown in Table 2 , there were minor insignificant differences between the two groups for primary . Although there were extra costs related to the CBT intervention in terms of production loss of s610, intervention costs of s630 and travel expenses of s116 (Table 3 ) the CBT group was cost neutral seen from a societal perspective. Table 4 shows the results for QALY, with pertaining EQ-5D-scores, and for the ODI during the first postoperative year. At 1-year follow-up a significant difference of 0.071 QALY (95% CI: 0.001; 0.139) was seen in favor of the CBT group (P ¼ 0.045). With regards to ODI the CBT group achieved significantly larger reductions in disability from baseline to 3 months (P ¼ 0.003), and from baseline to 6 months (P ¼ 0.047). At 1 year this difference between groups had evened out. The results of the two sensitivity analysis on health outcomes at 1-year follow-up did not change the results of our main analysis (Table 4) .
Health Outcomes
Cost-Effectiveness and Cost Utility
The results for both the complete cases and the sensitivity analyses are displayed in the cost-effectiveness acceptability curves presented in Figures 1 and 2 . At threshold of s40,000 for an additional QALY there is an approximate probability of 70% that preoperative CBT is cost-effective (Figure 1 ). Figure 2 illustrates the corresponding probability for a gain of 15 ODI points. There is approximately 90% probability that preoperative CBT is cost-effective at thresholds of willingness-to-pay > s10,000 for an additional gain of 15 ODI points.
DISCUSSION
In a population of patients undergoing LSF for degenerative conditions, we found a 70% chance of preoperative CBT being cost-effective over usual care at a threshold of willingness-to-pay of s40,000 for 1 additional QALY. For an ODI gain of 15 points, we found a 90% probability of the CBT intervention being cost-effective already at threshold of s10,000. It should be mentioned that unlike for the QALY 25 there is no consensus of willingness to pay for additional gain in ODI (reduction in disability), and thus the applicability of the results for ODI may be unclear. The results of the main analysis were supported by the sensitivity analysis, confirming the robustness of our results.
We calculated a difference between groups of 0.071 QALY (95% CI: 0.001; 0.139) in favor of the CBT group, which is well above the minimum important difference of 0.03 QALY suggested in the literature. 26 However, if the primary objective is to influence resource allocation, the changes in QALY alone may be of limited interest without knowing the cost of that change. 23 In Denmark, a threshold for willingness-to-pay per QALY has not been established, but the National Institute for Health and Clinical Excellence in Great Britain has set an upper threshold for reimbursement approval for procedures of £30,000/QALY (about s40,000).
25 At this threshold, the probability of preoperative CBT being cost-effective was 70%, supporting the use of our intervention in this study population. Another key issue to be recognized is the importance of patients maintaining improved health outcome over time, as this has the potential of decreasing the cost per QALY calculated at year 1. Thus, if the improvement is sustained for 2 years (e.g., no additional costs for revision fusion), then the cost/QALY would only be half the cost per QALY calculated at year matter. 27 Here the benefit of fusion surgery over nonsurgical treatment seen at 2-year follow-up was also present 4 years after surgery, reducing the cost per QALY from $115,600 at 2 years to $64,300 at 4 years. This warrants an extended follow-up period of this study.
Strengths and Weaknesses
The use of national registers to determine the use of health care services and production loss is considered a major strength of this study, as these registers have a high degree of completeness and have been found useful for research purposes. [17] [18] [19] [20] 28 The high response rates of 94% for ODI and 93% for the EQ-5D at 1-year follow-up further strengthens the validity of our results.
A weakness of our study is the omission of relevant costs related to short-term sick leave and the use of informal health care. Assessment of short-term sick leave was attempted through the use of cost diaries, as the DREAM À14.9 (À18.4;À11.5) À10.0 (À16.6; À3-3) À5.0 (À11.6; 1.7) 0.14 Sensitivity analysis at 1 year follow-up (n ¼ 59/31) QALY Qualitative information database only contains information on sick leave periods of 3 consecutive weeks or longer. But due to poor compliance with the cost diaries any potential difference between groups in short-term sick leave could not be measured. For the use of informal health care, e.g. help from family and friends, the information given in the cost diaries did not permit us to draw any conclusions as to the exact amount of help received, because most quantitative questions were answered by only ''yes'' or ''no.'' On this basis we estimated the percentage of patients in each group that confirmed having received help at some point during the first 6 months after surgery. For family and friends this was 78% in the CBT group versus 61% in the control group; for private home care this was 5% in the CBT group versus 10% in the control group; and for private domestic help the estimate was 16% in the CBT group versus 17% in the control group. As described earlier, the time frame of 1 year was another limitation of our study, as there is a risk that relevant costs and consequences due to additional changes in productivity Threshold for willingness-to-pay (2014-EUR)
Based on complete cases Imputation using qualitative information Imputation using last observation carried forward Figure 2 . Shows the probability that preoperative CBT in LSF rehabilitation will be cost-effective at given thresholds of willingness-topay for an additional 15 ODI points. Lines representing complete cases and sensitivity analyses for different imputation strategies. CBT indicates cognitive-behavioral therapy; LSF, lumbar spinal fusion; ODI, Oswestry disabiltiy index. and quality-of-life or disability beyond 1 year are ignored, due to this time frame.
27,29
We did not attempt to control the postoperative rehabilitation. In Denmark, the municipalities manage the postoperative rehabilitation programs individually. An 8-week exercise program is the minimum standard treatment offered, but some municipalities also offered pain education, potentially influencing the longitudinal findings. However, the randomized study design ensured an even distribution of the various types of rehabilitation in the two groups.
By random, the two surgery types (PLF and TLIF) were unevenly distributed in the two groups, which could be considered a potential weakness of our study. However, several studies have compared the two surgical approaches and have found no indications that TLIF is superior to PLF or vice versa.
30-32
Cognitive-Behavioral Therapy Intervention
The intervention costs of this study are probably a low estimate, as the effective staff hourly rates paid in the trial were not likely to represent the normal salaried cost of staff. As with many trials, some of the activities were paid for under casual working arrangements. Although these include a holiday enhancement, they do not account for the broader costs of employment if undertaken on a salaried basis. Additionally, no overhead costs were paid in the present trial to cover for the costs of location. Details of the costs of the intervention are given in Table 5 .
External Validity
We consider it as strength of our study, that patients from both a general hospital and a university hospital were included, and further, inclusion of patients with diagnoses of both disc degeneration, stenosis, and spondylolisthesis. However, as the costs, policy and culture related to perioperative rehabilitation differs across the Western World, the results of our study cannot necessarily be generalized to other parts of the world. Similarly the incentive to return to work varies between different social systems, which should also be taken into account when interpreting the results of our study.
CONCLUSION
We found preoperative CBT to be more effective and cost neutral when considering the overall health care sector and labor market perspective. Our results remained largely unaffected by the sensitivity analyses performed, confirming the robustness of our findings. We therefore recommend that CBT be integrated into the standard pre-and postoperative rehabilitation for this study population.
Key Points
Due to limited resources a primary objective for investigating new interventions is to influence resource allocation. Hence, the changes in clinical outcomes alone may be of limited interest without knowing the cost of that change. This study provides a full scale economic evaluation of a new rehabilitation strategy for patients undergoing lumbar fusion surgery in Denmark. In a population of 90 patients undergoing lumbar spinal fusion for degenerative conditions cognitive-behavioral therapy was found to be more effective and cost neutral when considering the overall health care sector and labor market perspective. There was a 70% probability of the cognitivebehavioral intervention being cost-effective over usual care at a threshold of willingness of s40,000 for 1 additional quality-adjusted life year. Our findings support the implementation of a cognitive-behavioral intervention into the standard course of treatment and rehabilitation for patients undergoing lumbar spinal fusion surgery in Denmark.
